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General motivation

Understanding of processes at the Soil-Vegetation-Atmosphere interface

* Hydrology /////////

e Surface water content: runoff/infiltration/floods

Stockage

* Root zone: soil/groundwater
* Semiarid climate: ET = 2/3 annual rainfall inftraton

Percolation

* Agriculture and ecosystems Ecoulmens
* Link CO, and transpiration
* Productivity: quantity and quality

* Meteorology/climatology
e Surface boundary conditions
e Land surface/atmosphere coupling

* Climate change

* Pressure on water use: competition
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Land surface in climate/hydrology modeling

Representation of:

Surface energy balance (LE, H, G)

Surface water balance (ET, runoff, storage)
Momentum balance (wind)

Carbon and VOC fluxes

Feedbacks in terms of:

Varying complexity:

Ecosystems/agriculture and water resources < >

Atmospheric composition

Processes: e.g. H20 and/or Co,
Number of exchange sources: vegetation, soil...
Coupling: meteorology/hydrology models
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Importance for Mediterranean regions Multi-model ensemble: annual
precipitation change (end c.XXI)
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Objective and research questions

Quantify the water flow in the soil-plant-atmosphere
over a Mediterranean agricultural region,

considering the vegetation cycle and in a multi-site perspective

Research questions:

Modeling approach/formalism for the study area?
What model to be used in a multi-site perspective and for the vegetaiton cycle?
How to get realistic simulations?

How to spatialize (multi-site) simulations by using remote sensing?
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Materials: study site location

La Peyne watershed (65 km?)
Département de I’'Hérault

Southern France
Sub-humid Mediterranean climate

Rainfall = 720 mm y!
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Materials: study site and water conditions

Moderately deep soils

Intermittent watertable
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Materials: in-situ data

1) Meteorological data: P4
2) Eddy covariance station: P6
3) Soil moisture, vegetation (height, LAI), watertable: P1-P6
4) Satellite data
ASTER 11 images 2007-2008 (90 m TIR)
Landsat 7 ETM+ 12 images 2007-2008 (60 m TIR)
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Modeling: implementation and results
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Modeling approach

Discontinuous plant structures
* Bare soil / grazing / main foliage - ET main component to simulate
* Deep rooting

e Seasonality in SPA fluxes D, Reference height (2)

Mean source height (z, = d + z)

Multi-source
Formalism
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Model: vegetation/atmosphere

D, Reference height (z)

AE}=r,  Vine
*

D, 1) Mean source height (z, = d + 7,)
/ l 1 \
=
A~ AE, | =
i, 1|4E,

Grass cover

_ Soil surface (z=0)

Model
development

Energy balance: 3 sources
R,—G=H+\E

Rn and G: F(relative area)

ET: Penman-Monteith eqgs. 3 sources

. AAy +PCpo/7'i
A+ 'Y('n + Ts,i/rs,i)

AE;

At reference-level: F(total ET)

[AA — AEi(vy+ A)] g

D,, = D, +
PcCp

12



Evapotranspiration model

Formulation for total evapotranspiration

Some errors in literature: layer v/s patch approach
Foliage characteristics
Climatic demand (AE,)

P. resistance combinations

A+ % (Prra.fhAr + Pusta,usAvs + PpsTq psAps)

A
AE, — ( ) (P +Prs + Po Ep+ 5

T'a

Generalized to n exchanging sources

A\E™ = R, (zn: Pi> \E, + <é) zn: P, A,
! 1=1

=1

Model
development

JH, 2013
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Model: revisiting evapotranspiration formalism

Stomatal distribution
* Hypo- v/s amphistomatic foliage

e Different formulations
Example 2-source model: PM equations applied to foliage (f) and soil (s)

AE; = \E; + \E,

AAf + pCPDm‘/Ti,h AAS + ,OCpo/TZ
A+ry(n+rifry,)  BA+a(+rs/ry)

)\Et —

n =1 amphistomatic

n = 2 hypostomatic

BLM, 2013

Model
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Model: revisiting evapotranspiration formalism

Case of vines
 Hypostomatique foliage considered as amphistomatic
* Relative error of ~10% for LAl = 3 m? m?

Numerical simulation
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Model : soil-plant-atmosphere

D, Reference height (z)

Mean source height (z, = d + z)

e*(T,) _Soil surface (z=0)
_—

4 | Root depth (z,)
CR, Dy
) | Saturated zone depth (z,)
F. F
AFM, 2013

Model
development

ET model coupled with soil module
* Three reservoirs:

* Bare soil (1)

* Grass cover (2)

* Deep soil (3)

* Vine roots: reservoir (2) and (3)
* Infiltration F(rainfall), neglecting runoff
* Drainage: excess relative to retention capacity

e Capillary rise: Darcy’s law

Dynamic water balance: daily time-step
24
ASW, = ASW,_1 + I; + CR; — Z E, + D,
h=1
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Plot scale : stochastic calibration

b. Total evaporation
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\Question 3: realistic simulations y
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Parameters
e1
e2

X= -

Site scale calibration: approach

Variables of interest

Y,(t,0)

MODEL = 9.

Y,t.0)

Optimization

Comparison

“~_problem

—

U

and

Observations

O,(t)
O,(t)

ot

Multi-objective calibration procedure MCIP: (Demarty et al., WWR, 2003)

(iterative sensitivity analysis)



Site scale calibration: approach

Parameter space

R

e1,min 61,max

>— N parameter set Xi={0,, 6,,.., 0,/ }; i=1,...,N

92,min : e2,max

9k,min 6k,max



Site scale calibration: approach

(D - Random samplig of k model parameters

] Stochastic approach

Parameter space

R

e1,min e1,max

>—> —> N Monte Carlo simulations

62,min : 62,max

6k,min E)k,max



Site scale calibration: approach

(D - Random samplig of k model parameters

@ - N simulations generation

Parameter space

e1,min e1,max
I ;
62,min : 62,max
I I >
6k,min E)k,max

RMSE,

- Model D—>

Criteria space
(example for 2 RMSE)

» RMSE,



Site scale calibration: approach

(D - Random samplig of k model parameters
@ - N simulations generation

® - Performance evaluation (objective functions)

] Multi-objectif approach

Parameter space Criteria space
(example for 2 RMSE)
RMSE,
\ A
I 1 >
e1 ,min e1 ,max °

62,min : 62,max 3 ° .

) i » RMSE,

v

6k,min E)k,max



Site scale calibration: approach

(D - Random samplig of k model parameters
@ - N simulations generation

(3 - Performance evaluation (objective functions)

@ - Selection of "best" simulations

® - Reduction of uncertainty intervals of parameters

Parameter space <:> Criteria space

(example for 2 RMSE)

A RMSE,

[
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e1,min e1,max

e2,min : e2,max
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|
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Site scale calibration: approach
(D - Random samplig of k model parameters
@ - N simulations generation

(3 - Performance evaluation (objective functions)

@ - Selection of "best" simulations

® - Reduction of uncertainty intervals of parameters

Parameter space <:> Criteria space

(example for 2 RMSE)
H A RMSE,
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H
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Site scale calibration: approach

Itération 1
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Itération 10
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Site scale calibration: approach

Itération 1

) ) ) 10° Itération 10

| 10x2.000 simulations

Parameter space
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Model results: site simulations

1) Calibration of vegetation/atmosphere module

* Evapotranspiration (Eddy Covariance)
* Hourly time-step \

2) Coupled calibration: ET and SWC Egi:riance
* Prescribed soil parameters (local measurements)
* Daily time-step
* Validation: evapotranspiration and soil moisture )
Neutron
3) Coupled calibration: ET and SWC - <€ probes
* Vegetation and soil parameters

e Daily time-step
* Validation: evapotranspiration and soil moisture

Site
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Vegetation/atmosphere module: ET daily cycle

mm d!
S = [ w [43]

150
s 100

50

Model results: site simulations

e RMSE=14Wm™=2 =0.5mmd?

* Bias

=1.1Wm2=0.04 mmd1

—> Low residual error

AE,[W m?]

AE,[Wm™]
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Model results: site simulations

Coupled calibration: Vegetation and soil parameters
* Daily time-step
e Evapotranspiration and soil moisture

g 4r & P i
E ! [ ®, 'l
\_J—' 2 k O V.‘ o -
= 4 e o
23] 9 a 9 A
0 L L I I ! d I ! i I I
Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
I I I I I I I I
0.32
& 03
E 0.28
o
E 026
T 0.24
0.22 | | | | | 1 | I 1 | |
Ju Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul Aug Sep Oct
2007 2008

Restitution of seasonal/interannual dynamics
Low residual error

Site
simulations

ET RMSE 0.26 mm d-1

SWC RMSE 0.005 m3 m™3
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Model results: site simulations

Relative sensitivity to each parameter (29)

f
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Approach

Multi-site
simulations

o ~

Regional extension

Question 4: spatial extent
by remote sensing
.
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Remote sensing ET: approach

Model calibration by using remote sensing

= -
AE’Tg fe re?‘]a(:cetli;:\ece
r \ MCIP
T —
/ "m \\\
= ) Evapo-
J_ o J_ transpiration
" 2’:' AE/ T E":':,)-\
“r - -
A, ] /..E“ :T?;r‘“' A'Eh\ l,"l Satellite
A - e*(T,) =, surface
T T température
L"'(T‘-) "'(7}‘.)‘ '
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Remote sensing ET: approach

- Thermal remote sensing (TIR)

- Surface radiative temperature T, associated with surface water conditions

- Energy balance: T, equilibrium term

(1—as)Ry+csRy — c.olt = pCp

+ A

Ta ¥ Te Az

S-SEBI: Simplified Surface Energy Balance Index (Roerink et al., 2000)

=

A

Evaporative fraction

Ts — 14 n PCP esat(Ts) —eq ~1s—"1Tp

8
Eh A__ M _ Tu—Ts
g AME+H Ty-Tig
& .
g Daily ET
AEg =AR,
>
Albédo
Multi-site

simulations
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Remote sensing ET: approach

1) S-SEBI validation for ASTER imagery against HYDRUS model > RMSE 0.83 mm d! for all sites

2) S-SEBI Landsat? Lower radiometric quality/higher data availability

318

316

298

Landsat

Landsat

318
316
314
312
310
308
306
304
302
300
298

RRMSE = 12%

Bias

RRMSE = 4.2 K
Bias = -2.9K @
0% 0
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02" 0 gAY
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%
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300 305 310 315
ASTER

Multi-site
simulations

High temperature
dispersion

Temperature

difference

Low dispersion in

evapotranspiration
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Multi-site simulations: approach

Forcing
* Meteorological (interpolated rainfall)
* LAl
* Watertable

Model calibration 2007 — 2008 (450 days)

* 10 parameters soil / vegetation

Satellite

» 16 parameters vegetation/ atmosphere P5
* 3initial conditions
Calibration method : MCIP Neutron
probes

* Remote sensing ET + SWC
Comparison of Landsat and ASTER performance

 Model parameters

Multi-site
simulations
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Multi-site simulations: results

ET and SWC for 2 contrasting sites

ASTER

Landsat

— ASTER Landsat
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Multi-site simulations: results

a— ASTER Landsat
Sources of uncertainty T_,s a)Sitel | ' ' ‘
‘5—‘4' bﬁ
| TS P S T
Landsat per|0d: Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun  Jul Aug Sep
- Spring semi-cloudy days: filtering = | D)sie2 I | ]
. . . . . = 4F
- Time distribution: surface properties & uw
- Higher complexity EZM \h\ W W\}m
N, Y il W“
Aug Sep Oct Nov Dec Jan H(Apr May Jun Jul Aug Sep
— ASTER — Landsat
Watertable presence TS e L A
. . . . 0 e
- Capillary rise parameterization?  E . <TE
E 0.15- — .
- Impactson ET S . \
= = — B
» 01 1 1 1 ¢ 1 1 1 1 1 1 1 1 1 1 1 bt
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E 03
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Multi-site simulations: results

Parameter comparison

) a) Site 1 _ j'—lASTER _|'_> Lapdslat ‘

I ] I [ I [

rf . :min. stomatal resistance K', : stomatal conductance (VPD): simulation periods
A, : bare soil resistance O; wp: deep soil wilting point: 2 different sites

“Optimal” parameters are case dependent (equifinality)
Some degree of correspondence between sites and parameters

Multi-site
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General conclusions

Applications de

Preliminary results: Précipiations _postcdes

Evaporation
Transpiration

* Simulation platform for agricultural watersheds e LR 4 voitiisation

i'r‘ifi‘itration et =
lessivage. Ruissell

. S Transfert dans

Obtaining interannual simulations (450 days) R:" T oo

. Interannual dynamics e N

TG

Parsimonious model with MOGSA / MCIP

* Restitution of local process

* Possibility of obtaining parameters at the plot scale

 Watertable during winter -> model not suitable
Multi-site approach possible with limitations

e Use of in-situ measurements

Conclusions
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General conclusions

Further research

* Review local calibration
* Different phenological stages
* Soil moisture of first soil layer (instead 0-2 m)

* Available by high spatial resolution radar
e Data assimilation: surface and deep SWC

* Analysis of calibration results
* Parameter values according to pedology

 Comparing with literature

Conclusions
and perspectives



Perspectives

Spatial dimension

* 6 experimental plots = agricultural surface 2 watershed

Time dimension
» Satellite missions e.g. CNES/NASA THIRSTY mission: calibration considering

different time-steps

Synergy with digital soil mapping
* Comparison of estimated parameters

* Joint use for calibration for patches

Coupling with other processes
* Hydrological modeling: taking into account lateral transfers and watertable

* Vegetation modeling : dynamics, processes

Conclusions
and perspectives
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